Abstract-Wireless link in mobile cellular communication system is experienced by large and small scale fading. Since the link is non line of sight (NLOS), therefore, severely affected by multipath fading. In a two-hop wireless links, each link is affected by fading and noise degrades the overall performance of the communication system. In this paper, performance of two-hop links is analyzed under Rayleigh and Nakagami-m fading environments separately for QPSK and 8-PSK modulation schemes. In this paper zero-forcing adaptive equalizer is used on two-hop wireless links to enhance the performance of the system. Here we find that zero-forcing adaptive equalizer works better for QPSK scheme and Nakagami-m fading channel compared to 8-PSK scheme and the Rayleigh fading channel.
I. INTRODUCTION
The electromagnetic (EM) radio wave in wireless channel may be reflected, refracted and scattered by surrounding objects which results in multipath propagation of signals. Therefore, multiple copies of the same signal arrive at the receiving end and creates delay spread. When separation between the transmitter and the receiver is very large then mean signal strength is considered at the receiver (known as large scale propagation model) but when separation between the transmitter and the receiver is low (less than 5 km) usually in an urban or suburban area, then rapid variation of the signal strength within short distance or short duration is considered (known as small scale propagation model). Under a multipath propagation environment, the amplitude and phase of a composite modulated symbol very widely and rapidly, a phenomenon known as fading. Two most important parameters of a fading channel are the coherence time and the coherence bandwidth as described in [1] , [2] . A lot of parameters like: symbol period, multipath delay spread, Doppler spread, coherence time/ bandwidth, time variant or invariant property, channel gain etc. plays vital role on the performance of a wireless link as summarized in [1] - [3] .
A channel may be time selective or frequency selective depending on the time-varying nature of the impulse response of the channel. From the autocorrelation of the channel impulse response, the channel may be classified as wide-sense stationary (WSS), uncorrelated scattering (US) or wide-sense stationary uncorrelated scattering (WSSUS) channel. The complex envelope of a modulated wave is a random variable (RV) and may follow Rayleigh, Ricean, or Nakagami-m distribution depending on the condition of the channel. For example, if there is a strong line-of-sight (LOS) between the transmitter and the receiver along with multipath fading, the distribution follows Ricean probability density function (PDF) instead of Rayleigh PDF.
Dual-hop wireless link has gained much interest in recent years because of its application in co-operative wireless networks [4] - [6] . In [7] , end-to-end performance of dual-hop relaying systems is evaluated considering beam forming over Nakagami-m fading channels. The source and destination uses N t and N r number of antennas while the relay station uses only one antenna. Similar analysis is done in [8] and [9] for amply-and-forward (AF) and imperfect channel case. Both the papers plot the outage probability and bit error rate (BER) against signal-to-noise ratio (SNR). In [10] , a number of relay nodes are placed randomly and the best relay is selected to observe the outage probability and the BER. The combination of Rayleigh and Riccian fading is considered in [11] for two-hop AF case. In [12] , the performance of dual-hop relay link is determined for coherent and non-coherent binary modulation schemes when the relay stream is only for AF purpose. The paper considers both average power scaling and instantaneous power scaling constraints over Nakagami-m fading channel.
In this paper, adaptive equalizer is added at relay and receiving end to improve the performance of the dual-hop wireless link. The paper considers 8-PSK and QPSK schemes under Rayleigh and Nakagami-m fading environments.
The paper is organized as follows. Section II gives some review work on the theoretical analysis of adaptive equalization and then describes the model of the two-hop wireless link under fading environment. Section III gives the results, and finally, Sec. IV concludes the entire analysis. is the phase rotation of the n-th reflected path. In most of the cases, the impulse response of the channel is found time selective, i.e., the channel is better at some selected times than other times. To neutralize the delay spread of the wireless channel, adaptive equalizer is used in the passband signal [13] - [15] . In this study, a zero-forcing adaptive equalizer circuit is used at receiver end to neutralize the fading effect. Here, QPSK and 8-PSK modulation schemes are selected to compare the symbol error probability for the case of with and without equalization. 
II. SYSTEM MODEL

A. Adaptive Equalizer
. Taking Fourier transform, we have
. In presence of distorting channel of transfer function H c (f), received signal can be made distortionless incorporating a equalizer at the receiving end as shown in Fig. 1 , where the overall transfer function of the system becomes
is called the amplitude response which is needed to be constant over the entire bandwidth (BW) of the input signal and ) ( f θ is the phase response and needed to be a linear function of frequency over the entire BW of the input signal for recovery of the transmitted symbol [15] - [17] .
Let us consider the tapped delay finite impulse response (FIR) filter of Fig. 2 , where the output signal is [18] , [19] :
Taking Fourier transform of Eq. ( 1), we have We obtain
For the distorted input signal x(t), the equalized output is
Taking absolute value of the output signal y(t), we have
In zero-forcing condition, y(t) is sampled at t=mT and a condition Taking T = τ = 1,
We may expressed the relation of {y(m)}, {x(m)} and {C n } in the following matrix form: y=x×c where
The dimension of the above vector x is (2N+1) × (2N+1) and that of vectors respectively. The same job can be done using adaptive algorithm of minimum mean square error (MMSE). In this case, the weighting vector, 
C. Two-Hop Wireless Link
In a dual-hop wireless communication system the sender node S communicates with the detector node D through the relay station R as shown in Fig. 3 . Let us first concentrate on the analytical solution of the probability of symbol error, Ps, under additive white Gaussian noise (AWGN) channel in a fading environment.
In MPSK modulation scheme, the received signal vector of coherent demodulator on )
The signal S i (t) is the i-th modulated wave in the region kT ≤ t ≤ (k+1)T, E is the energy of a symbol, n 1 and n 2 are the noise of the in-phase and quadrature component of the received signal respectively. , the joint PDF of
Integrating both side of Eq. , then Eq. (9) can be approximated to
Let us now consider the generalized form of the symbol error probability of different modulation schemes using Gaussian Q function, )
, where g is a constant and depends on the modulation scheme and detection technique (for example, g = √2 for BPSK, g = 1 for QPSK).
In a slow fading channel, the instantaneous SNR per bit, , / 0 N E = γ is a time invariant RV with PDF ) (γ Γ f which depends on the particular fading environment. The average probability of error can be found for a fading channel as [2] , [20] : In this paper we consider Rayleigh and Nakagami-m fading channels, their PDFs are: where m is the Nakagami-m fading parameter which ranges from ½ to ∞.
Let the transfer function of the wireless channel and the equalizer to be C(z) and B(z) respectively, as shown in Fig. 4 . The z-transform of the received signal is then
Y(z) = X(z)C(z)B(z)
, from which we obtain the overall transfer function
To eliminate intersymbol interference (ISI), we need to impose the following requirement [18] , [19] :
Let the impulse response of the channel be
The z-transform of c(t) gives
The transfer function of the equalizer is (16) In the presence of additional noise n n at the end of n-th symbol interval at the effective channel output, the variance of noise will be ( )
Therefore, the probability of bit error is
If the transmit power at sender and repeater stations are P 1 and P 2 with fading amplitudes |h SR | and |h RD | respectively, then SNR of S-R and R-D links are [11] - [13] , [20] 
where c = 1 for exact value of γ and c = 0 for approximate value of γ at higher SNR.
III. RESULTS
Let us consider an adaptive equalizer of 7 taps and a received distorted set of pulse samples: {x(m)} = [ 0.0218 -0.0564 0.1413 0.7000 -0.1820 0.0325 0.0230]. We will find the weighting vector of the zero-frocing adaptive equalizer. For 7 taped filter, the dimension of matrix x is 2N+1 ×2N+1=7×7 and is given as, 
The probability of bit error of both 8-PSK and QPSK schemes under Rayleigh and Nakagami-m fading is plotted in Fig. 6 for two-hop wireless link. The Fig. 6 compares the performance of the two-hop link with and without zero-forcing equalization.
We know that the BER of a single-hop link is always better than that of two-hop link case for any type of modulation scheme because of low SNR experienced by the equivalent link of two-hop system. In this section we only consider the comparison of two-hop wireless link under two modulation schemes, viz., QPSK and 8-PSK, and inclusion of zero-forcing equalizer at the repeater and receiving end. We observe from Fig. 6 that the BER of QPSK modulation is found much lower than that of 8-PSK case because of the signal space of the constellation diagram. Finally, the BER of the Nakagami-m fading is found better than that of Rayleigh fading case for both type of the modulation schemes. In Nakagami-m fading, the parameter m is related to the number of LOS paths whereas in Rayleigh fading case, there is no strong LOS path, hence performance of Nakagami-m fading is better than the Rayleigh fading channel as is easily seen from The BER of both the modulation schemes is improved with incorporation of the zero-forcing adaptive equalizer as is visualized from Fig. 6 . The impact of zero-forcing equalizer is much more prominent for the QPSK scheme than that of 8-PSK scheme at the same time the zero-forcing equalizer performs well at higher SNR. Finally, the equalizer works better for the Nakagami-m fading channel compared to that of the Rayleigh fading channel.
IV. CONCLUSION
In this paper, we have incorporated zero-forcing adaptive equalizer at the repeater and the receiving end to enhance performance of the two-hop wireless links. Zero-forcing adaptive equalizer improves performance of the two-hop links for both QPSK and 8-PSK modulation schemes under the Rayleigh and Nakagami-m fading environments. It has also been observed that the performance of the Nakagami-m model is better than that of the Rayleigh fading model. In this study, a single antenna scheme is used at the sender, the repeater and the receiving end. We have the scope to consider the multiple-input single-output (MISO) link between the transmitter and the repeater and single-input multiple-output (SIMO) between the repeater and the receiving end. It should be further mentioned here that the adaptive equalizer can be incorporated also with orthogonal space diversity at stage-1 and maximal ratio combining (MRC) at stage-2 to observe the performance of multiple antenna at the sender and the receiver with single antenna at the repeater. The work along this line is in progress and will be reported elsewhere. 
